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FOREWORD 

The  text  of  this  report  was  given  as  a  paper  at  the  Second  National 
Convention  on  Military  Electronics,  sponsored  by  the  PGME,  IRE,  at 
Washington,  D,  C.,  cn  June  16  -  17  -  18,  1958, 
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H1CH0MINIATUSI7ATI0N  CF  IMTHINAL  ELECTP0NIC3  - 

"HicnonjcTROffica" 

fly:  T.  A.  Prugh,  Diamond  Ordnance  Pure  Laboratories 


Ab  struct 

^  This  paper  la  a  progress  report  on  one  ap¬ 
proach  to  the  problem  of  fabricating  small  elec¬ 
tronic  circuits.  Printed  circuit  and  metal 
evaporation  techniques  have  been  used  to  produce 
n  binary  counter  module  occupying  less  than 
1  ro  of  a  cubic  Inch.  Included  in  the  module 
arc  two  transistors,  two  diodes,  two  capacitors, 
and  eight  resistors.  Problems  and  solutions  are 
described  in  the  areas  of  circuit  design,  pas¬ 
sive  component,  semiconductor  c-  ponent,  and  en¬ 
capsulation.  Extrapolation  of  ,.eaent  techniques 
shows  promise  of  permitting  a  density  of  2000 
transistors  plus  associated  components  per  cubic 
inch. 

Introduction 

Modern  weapons  are  placing  Increased  de¬ 
mands  on  ordnance  electronics.  One  severe 
requirement  is  the  need  to  put  more  electronics 
in  less  space.  The  Diamond  Ordnance  Fuze 
Laboratories  have  been  active  for  more  than  a 
decade  in  the  areas  of  printed  circuitry  and  sub- 
mlnlaturlzatlon.  Approximately  u  year  ago  a 
team  of  circuit,  component,  and  semiconductor 
people  was  formed  to  concentrate  on  the  problem 
of  making  radically  small  electronlcu.  This 
present  paper  is  a  progress  report  on  the  year 
of  activity  in  microminiaturization  at  DOFL. 

Two  stages  in  the  evolution  of  the  methods 
of  making  small  electronic  packages  will  be 
described.  The  first  step  will  be  covered 
briefly  u3  it  is  a  logical  extension  of  the 
etched  wiring  board  incorporating  separately 
cased  component  parts  such  as  the  Signal  Corps 
Auto-Sembly-^  technique.  The  second  step  is  the 
utilization  of  printed  circuit  techniques  wher¬ 
ever  possible. 

The  term  "Internal  electronics"  is  used  to 
describe  that  portion  of  an  electronic  system 
that  operates  at  low  power  level  and  la  pri¬ 
marily  concerned  with  the  handling  and  proc¬ 
essing  cf  information.  Mot  Included  are  the 
usual  high  power  stages  required  to  drive 
motors,  antennae  or  display  devices.  These 
latter  clrcui-s  occur  at  the  boundary  between 
the  electronic  system  and  the  environment  sur¬ 
rounding  It. 

"Hearing  Aid"  Approach 

The  advent  of  small  resistors,  capacitors, 
and  transistors  na  used  by  the  hearing  aid  In¬ 
dustry  has  permitted  etched  wiring  boards  to  be 


13.0.  Bassler,  "The  Application  of  Auto-fiemhly 
to  the  Missile  Field,"  Convention  Record  cf 
First  Hntlunal  Convention  on  Military 
Electronics,  lOrT!  pp .  109-11L 


scaled  down  in  size.  The  amount  of  reduction 
in  roughly  In  proportion  to  the  reduction  In 
size  occurring  between  commercially  available 
1  watt  resistors  and  1/I0th  watt  resistor*. 
This  ipproach  has  brought  up  new  problems  in 
fine  line  etching,  component  insertion  and  dip 
Soldering  because  of  the  closer  physical  toler¬ 
ances  demanded.  However,  the  progress  In 
etched  board  technoloQf  haB  made  the  step  lend 
difficult. 

Figure  1  shows  several  modules  mule  by  tills 
approach.  About  150  component  part'.,  20  trans¬ 
istors  plus  associated  parts,  or  lu  binary 
counter  stages  per  cubic  inch  is  the  possible 
density.  Interconnection  of  the  individual 
modules  Is  accomplished  by  neons  of  a  secondary 
etched  board. 

Method  of  Quantitative  Comparison 

A  brief  digression  Is  in  order  to  discuss 
hew  to  compare  the  various  fabrication  schemes 
In  a  quantitative  manner.  Three  densities  will 
be  used: 

(1)  Total  r.-vnber  of  component  parts  per 
cubic  inch. 

(2)  Number  of  transistors  per  cubic  inch. 
Other  cosiponent  parts  are  assumed 
fitted  in  also. 

(5)  number  of  binary  counter  stages  per 
cubic  inch. 

The  component  man  generelly  llk*s  the  first 
density.  The  circuit  man  likes  the  second  be¬ 
cause  it  1b  an  indication  of  the  number  of 
active  elements.  The  logic  designer  favors  the 
third  because  it  is  a  measure  of  the  logical 
blocks  that  can  be  fit  into  a  cubic  lneb. 

DOFL  2D  Approach 

As  pointed  out  by  Drunettl"  the  significant, 
reduction  in  size  comes  about  by  eliminating  In¬ 
dividual  part  cases  and  blending  the  parts  Into 
one  heterogeneous  mass.  The  lntegrated-caseless 
printed  circuit  approach  under  study  at  DOFL  In 
a  start  In  this  direction. 

Some  general  guidelines  were  used  to 
direct  the  search  for  techniques.  As  mentioned 
above  no  individual  component  protection  was  to 
be  used  unless  absolutely  necessary.  Secoiidly, 
rather  than  attempting  to  reduce  all  three 
dimensions  an  equal  amount  it  van  decided  to 
concentrate  on  a  "tvo  dimensional"  module  with 
the  third  dimension,  l.e.,  the  thickness,  as 
thin  as  ponrtble.  Ibis  permits  approaching 
zero  vnlume  but  with  a  finite  area  that  can 


'  C. .  Brunettl,  "A  Mew  Venture  into  Mleromlnla 
t.urlzst.lon,  "  191(7  THE  Convention  Record . 
pt.  (>,  pp.  5-10. 
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•till  be  'ecu  and  worked  ui,  The  third  joint 
wmh  to  dcmuid  Un?  least  lu  performance  out  of 
the  Individual  component  parts.  This  latter 
point  was  particularly  Important  when  consider¬ 
ing  the  possibility  of  using  caaeless  travola¬ 
tors. 

Problem  Area., 

A  number  cf  Interrelated  areas  of  work  were 
Involved  In  the  successful  design  and  1'ahrl- 
c»t Ion  of  working  modules.  Included  were: 

1.  Choice  of  circuit  type  and  constants. 

2.  Mounting  plate,  conductors,  reslotors, 
and  capncltors. 

Semiconductor  c  tponenta  (diodes  and 
translators) , 

Additional  are.iB  being  worked  on  now  are: 

Transl  stoi  -d lode  protectl  n  from 
contamination. 

Over-ail  protection  of  a  nodule. 

1 1.  Interconnection  of  modules. 

7.  Optimum  (omplexlty  of  nodules. 

8.  Environmental  evaluation. 

The  circuit  chouen  for  experimentation  In 
working  out  tlie  techniques  was  a  binary  counter 
Hinge.  This  type  circuit  can  be  designed  to 
operate  with  b  renal  margin  a  imd  thus  permit 
early  fabrication  of  working  clrculto  for  study 
under  dynamic  conditions.  The  circuit  schematic 
Is  shown  In  Figure  2.  3o  attempt  was  node  to 
obtain  high  frequency  performance.  The  capa¬ 
citors  are  large  enough  In  capacity  for  use  with 
low- frequency  .udlo-type  irnnnl storu. 

The  counter  circuit  Is  eras t  In  demands 
on  the  component  parts  In  aeveral  respects: 

t.  low  frequency  (as  mentioned  above), 

2.  low  voltage  operation, 

1.  low  ••urrent  operation, 

k .  tow  translator  rurrrnt  gal  i  ( ft ) 
permitted, 

5.  high  translator  I_  permitted, 

6.  resistor  ratios  more  Important  than 
absolute  values. 

In  the  fabrication  of  modules  much  of  the 
technology  developed  In  the  past  ten  years  for 
printed  circuits  has  been  directly  applicable 
with  proper  scaling  down  in  size.  The  mounting 
plate  used  In  the  moduli.)  Is  a  steatite  ceramic 
wafer  l/2  Inch  square  by  20  mils  thick.  The 
conductor  pattern  Is  a  silk  screened  silver 
paint  fired  In  place.  The  conductor  width  in 
approximately  50  mils. 

Tie  resistors  are  also  et'k  screened  on 
the  wafer  and  are  a  carbon  ctsxposltlon  similar 
In  characteristics  to  c -ramie  re  1  ally  available 
composition  resistors.  A  10K  ohm  resistor  is 
approximately  (JO  ml  In  square  and  1  mil  thick. 


Injection  molding  meth'da  look  attractive  Tor 
large  production  ruriB. 

The  capacitors  used  are  an  experimental 
type  rode  from  reduced  barium  tltanate.  The 
0.01  (if  capacitor  is  physically  0.1  Inch  square 
and  8  mils  thick.  This  type  capacitor  has  a 
very  low  voltage  breakdown,  a  property  which 
does  not  prevent  its  use  In  the  present  modules. 

The  most  difficult  problems  occur  In  ob¬ 
taining  a  satisfactory  caseless  translator. 
Mounting  the  die,  lead  attachment,  and  surface 
protection  constitute  the  major  difficulties. 

The  particular  transistor  type  utilized  in  the 
first  operating  modules  is  u  diffused-baoe 
unit.  The  kb  m-l  1  square  die  is  cemented  In  a 
hole  ijy  the  ceramic  plate  with  epoxy  plastic. 
Connections  are  mode  between  the  transistor 
electrodes  and  the  silver  wiring  pattern  by  an 
evaporated  alixslnun  film.  The  precise  dimen¬ 
sional  control  required  is  obtained  by  photo¬ 
lithographic  techniques.^ 

An  experimental  module  Is  shown  In  Figure  }• 
The  back  side  Is  Identical  In  construction. 

The  silver  rtrlrq;  pattern,  black  resistor  pat¬ 
tern,  capacitor  platen,  and  semiconductor 
devices  are  clearly  viaible.  This  2D  approach 
will  permit  a  denulty  of  about  1500  corponent 
parts,  200  transistors  plus  associated  parts, 
or  100  binary  counter  stages  per  cubic  Inch. 

The  protection  of  the  individual,  component 
parts  and  the  completed  modules  Is  being  ap¬ 
proached  Trosi  several  aspects.  The  serai - 
conducuvr  devices  are  undoubtedly  the  most 
vulnerable.  The  photoresist  used  to  make  the 
diffused  base  type  transistors  has  proven  to  be 
a  good  surface  protector.  Other  plastic  er.cap- 
uulanto  are  being  considered  for  tiraporary 
protection  purposes.  The  present  plan  Is  to 
hermetically  seal  a  nimtoer  of  Interconnected 
modules  Into  «  cosmon  container.  Poisoning  of 
the  semiconductor  surfaces  by  contaminants  from 
the  other  component  ports  in  the  sane  sealed 
volume  Is  being  lnv-stlgated.  If  necessary  it 
may  be  possible  to  individually  seal  each 
transistor  or  diode  In  Its  bole  In  the  ceramic 
plate. 

The  Interconnection  uT  power  and  signal 
lines  betveen  modules  must  be  done  in  an  effi¬ 
cient  and  practical  fashion  or  the  large  voluse 
reduction  theoretically  obtainable  will  not  be 
achieved.  One  face  of  a  group  of  stacked 


^ J .  R.  Boll  and  J.  V.  Lathrop,  "Photolitho¬ 
graphic  Fabrication  Techniques  for  Transl storn 
which  are  an  Integral  Part  of  a  Printed  Cir¬ 
cuit,"  A  paper  presented  at  the  1957  Electron 
Devices  Meeting  of  the  IRE  PGED,  Bov.  1,  1957. 


module;;  can  be  used  lor  Interconnections.  The 
b  1  retry  counter  module  has  lend  vires  coning  out 
one  end.  A  mui.11  etched  interconnection  board 
cun  be  lined  In  u  similar  fashion  to  the  "hearing 
aid"  approach. 

An  experimental  technique  being  tried  1b 
to  chemically  deposit  copper  or  aereen  silver 
.a;;  the  Interconnection  pattern  directly  on  one 
or  more  faces  of  the  group  of  modules, 

A  particularly  troublesome  question  which 
must  be  ' ved  In  a  specific  system  application 

Is:  what  'er  of  components  or  degree  of  com¬ 
plexity  she  module  have?  Making  the 

modules  too  .  le  will  mean  a  large  ana  com¬ 
plicated  intoi connection  pattern.  If  the 
modules  a. -  y  complicated  the  yield  In  pro¬ 
duction  will  be  low  and  the  cost  to  replace  a 
defective  module  will  be  high.  In  the  present 
research  stage  the  binary  counter  Is  suffic¬ 
iently  Involved  to  tax  the  techniques  under 
study. 

Detailed  en vl roamontul  studios  are  needed 
tc;  cheek  the  life  iuicl  nigg.fdner.s  of  the  Inti— 
grated-casel ess  modules.  Temperature  extremes, 
high  tumidity,  shock,  and  vibration  will  un¬ 
doubtedly  expose  weaknesses  In  the  techniques. 

Future  possibilities 

Although  problems  still  exist  ir  the  fab¬ 
rication  of  the  present  size  modules  even 
smaller  vei-ui-ns  seem  feasible.  Two  broad 
approaches  are  possible.  The  most  direct  Is 
to  scale  down  further  the  printed  components  and 
caaeless  semiconductor  devices.  A  factor  of  two 
decrease  in  each  dimension  seems  practical  and 
would  give  another  order  of  magnitude  reduction 
In  volume. 

A  second  approach  which  has  greeter  poten¬ 
tial  1 8  to  Integrate  the  functions  of  resistors, 
capacitors,  diodes,  and  translators,  to  a  much 
greater  extent.  In  the  present  approach  the 
various  component  part  types  are  made  In 
separate  distinct  steps.  If  all  component  parts 
could  be  fabricated  from  one  type  of  material 
by  a  single  process,  such  as  priu-lcg  or  evap¬ 
oration,  a  much  smaller  and  simpler  module 
would  result. 

In  the  area  of  reliability  a  particularly 
difficult  problem  Is  to  assure  solid  ohmic 
Interconnections  between  modules.  As  sizes  go 
dovm  the  difficulties  rise  rapidly.  One 
promising  approach  is  to  use  only  capacttative 
or  Inductive  coupling  between  modules.  The 


most  important  consideration  will  then  become 
the  proper  geometric  relationship  of  the 
modules  rather  than  good  low  resistance  con¬ 
nections.  Power  and  signal  connections  would 
all  be  handled  In  the  nume  manner.  It  Bhould 
be  possible  to  reduce  drastically  the  mmiber 
of  faulty  and  erratic  connections. 

Conclusions 

Figure  A  sunsnarizen  the  evolution  of  fab¬ 
rication  techniques  as  Illustrated  by  a  10 
stage  binary  counter.  The  top  view  shows 
etched  boards  with  standard  component  parts. 

The  middle  view  is  the  "hearing  aid"  approach. 
The  small  unit  at  the  bottom  shows  the  DQFL 
PD  technique. 

The  techniques  described  permit  one  to 
two  orders  of  magnitude  reduction  In  volume 
of  electronic  equipment  used  for  lnforwitlon 
handling  purposes.  Further  research  along 
logical  extensions  of  the  present  methods  show 
promise  of  permitting  several  thousand  trans¬ 
istors  plus  associated  components  to  oec..,y 
lens  than  one  cubic  inch. 

It  requires  little  Imagination  to  see  many 
potential  benefits  of  this  compact  electronics  - 
microelectronics  -  to  the  various  phases  of 
military  electronics.  More  electronics  will 
be  able  to  go  Into  n  given  volume  or  even  more- 
important,  electronic  systems  never  before  con¬ 
sidered  portable  will  be  easily  carried  in 
missiles,  satellites,  or  by  man. 
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Figure  1,  "Hearing  Aid"  Approach 


Figure  5.  DOFL  PD  Approach 


Figure  2.  Binary  Counter  Schematic 


Figure  4.  Evolution  of  Fabrication  Techniques 
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